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SECTION A (40 marks) 
SHORT ANSWER QUESTIONS 


ANSWER THIS SECTION IN A SEPARATE ANSWER BOOK 


ANSWER ALL QUESTIONS 
Question 1 


What is BTEX the acronym for? Name and draw one BTEX compound and list a possible source for 
this as a contaminant in soil. (4 marks) 


Question 2 
Chromium (III) in soil presents the same risk as chromium (VI). True or false? Explain your answer. 
(4 marks) 


Question 3 
Name the important sorption surfaces for metals and metalloids in soil. Explain how the pH of an 
aerated soil may affect the extent of arsenic sorption on each of these surfaces. (4 marks) 


Question 4 

Naphthalene sequestration can determine the fraction of contaminant available for microbial 
degradation. Define sequestration and list TWO sorption mechanisms that contribute to naphthalene 
sequestration. (4 marks) 


Question 5 
Define Kow, BCF, Hc, and Ti. and give an example of an organic contaminant for each parameter 


that may have a high magnitude value (you cannot name the same contaminant more than once). (4 
marks) 


Question 6 
Describe in words or graphically the concepts of accuracy and precision. Name and briefly describe 
two forms of quality control that relate to accuracy. (4 marks) 


Question 7 
What is GCMS the acronym for and briefly describe how a GCMS can identify and quantify pollutant 
concentrations in sample extracts. (4 marks) 


Question 8 

Name and describe the common forms of thermal treatment for contaminated soils. Which treatment 
would be most appropriate for soil contaminated with the persistent organic pollutant 
hexachlorobenzene and why? (4 marks) 


Question 9 
List FOUR factors required for the formation of acid sulfate soils. Why can the draining of these soils 
result in increased metal mobility? (4 marks) 


Question 10 
Explain the difference between primary and secondary salinity. Describe briefly THREE different 
methods of secondary salinity management and control. (4 marks) 
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SECTION B (30 marks) 
CALCULATION QUESTIONS 


ANSWER THIS SECTION IN A SEPARATE ANSWER BOOK 


ANSWER ALL QUESTIONS 


Question 11 (10 marks). 
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You have collected soil samples from a potentially contaminated site using a systematic sampling 
pattern. Lead is the potential contaminant of concern at this site. The results are as tabulated as: 


Sample Lead 
mg/kg 
Sample | 222 
Sample 2 205 
Sample 3 310 
Sample 4 XX 
Sample 5 135 


1) There was some confusion in the lab documentation regarding sample 4. You have the final volume 


(50 mL), the oven dry weight of the sample (0.5 g) and the raw absorbance value was 700. Using the 


calibration curve on the next page, determine the lead concentration value of the sample extract for 


sample 4 (which has not been volume and weight corrected), and then determine the correct value 


in mg/kg that needs to be included in the above table (assume the blank value is zero and can be 


discounted in this instance). (4 marks) 
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calibration curve 


1 2 3 4 
Lead concentration (ug/mL) 


> 
S_ 
© 
S_ 
= 
eo} 
Sn 
& 
nn 
_ 
= 
=] 
7) 
1S] 
c 
© 
eo} 
S_ 
o 
n 
2 
<x 


ii) Use the appropriate equation provided below, explaining your choice, and the tabulated statistical 
values (Tables 1 and 2 on page 5), to determine the upper confidence limit of the mean concentration 
of lead in the samples. The acceptable lead concentration at this site is deemed to be 300 mg/kg. 


Based on the sample results is further investigation triggered? (6 marks) 


The equations provided are: 


> Ss 
UCL=x+ Con—1 Ve 
Where x = average concentration 
s = standard deviation 
n = number of samples 
txn-1 = Student's t — value for 95% confidence. 
= 2, SXH 
UCL = {(7t05xs ee 


Where y = average concentration of logtransformed values 

s = standard deviation of log transformed values 

n = number of samples 

H =H statistic taken as tabulated — value for 95% confidence. 


SOIL310 Trimester 1, 2015 


Table 1. t-values for calculating the 95% UCL of a normally distributed mean (df = n-1). 


df t-value df _ t-value 
3 235 13 1.77 
4 2.13 14 1.76 
5 2.02 15 1.75 


6 1.94 16 AE: 
17 : 


7 1.90 1.74 


8 1.86 18 1.73 
9 1.83 19 1.73 


10 1.81 20 Las 
11 180 120 1.66 


Table 2. Some values of H to calculate a 95% UCL for skewed (lognormal) data. 
Standard Number of samples | 


deviation (of 5 10 15 101 
transformed 
values) 


0.10 2.04 1.80 1.75 1.67 
0.50 295 Zid 2.07 1.83 


10.00 46.31 25.66 21,22 14.26 
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Question 12 (20 marks) 

An old abandoned industrial site has just been rezoned to residential and is to be investigated for 
potential contamination. The site has several derelict buildings with evidence of vandalism. The 
buildings are on the most elevated point of the site, overlooking a water hole. The water hole is in the 
middle of the site with evidence of campfires and impromptu parties being held on the bank. A creek 
runs from this water hole into dense shrubland with a dense ground storey of weeds and grass. There 
is a dirt motorcycle track that cuts through the corner of the site. There is evidence of illegal rubbish 


dumping in some areas of weeds and tall grass across the site. 


1) Draw, or in words, describe a CSM of this site, and identify: 


e Two human receptors 
e Two ecological receptors 
e At least 2 exposure routes for each of the receptors you have identified (if drawing a 


CSM label the routes) (8 marks). 


il) Undertake a soil based deterministic exposure assessment using the values for a child tabulated in 
Table 3 for the exposure pathways (dermal, ingestion and inhalation) identified in Table 4. Please 
show your working. Tables 3 and 4 are located on the next page. 


You should use the following assumptions: 
e The contaminant concentration in the soil is 310 mg/kg 
e The assessment is for 1 ‘average’ day of exposure, so the exposure duration and frequency 
calculations can be ignored (providing you have the correct units specified — remember to 
check this!). (10 marks) 


iii) If the numbers used in this assessment were generic assumptions and you were asked to test the 
assumptions of each exposure pathway in turn, which exposure pathway would you investigate 
first, and why? (2 marks) 


Table 3. Exposed population values 


Population value Units Child 
Body weight kg 15 
Soil ingestion rate mg/day 100 
Soil inhalation rate m’/day 10 
Soil skin adherence factor mg/cm” 0.5 
Skin surface area cm? 6100 
Fraction of exposed skin % 15 
Concentration of dust in air | kg/m’ 5x 10° 
Dermal absorption factor % i. 
Soil ingestion absorption | % 50 
factor 

Dust lung absorption factor | % 50 


Table 4. Exposure pathways to be included 
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Exposure | Equation | Abbrev. | Description Units Estimate | Intake 
pathway (mg) 
Soil CS x CS Contaminant mg/kg 
dermal SA x concentration in 
AF x soil 
ABS SA Exposed skin area | cm” 
AF Skin adherence | kg 
factor soil/em” 
ABS Dermal absorption | unitless 
factor 
Soil CS x IR Ingestion rate kg soil 
ingestion | IRx FI Availability of | unitless 
FI ingested 
contaminant 
Soil CS x CA concentration of | kg/m? 
inhalation | CA x dust in air 
InhR x InhR Inhalation rate m 
B B Availability of | unitless 
inhaled 
contaminant 
Total intake 
Body weight 
Intake mg/kg 
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SECTION C (30 marks) 
ESSAY QUESTIONS 


ANSWER THIS SECTION IN A SEPARATE ANSWER BOOK 


ANSWER ALL QUESTIONS 


Question 13 (15 marks) 


Either 
The NEPM (Assessment of Site Contamination) as amended in 2013 is the first document to consider 


contaminant bioavailability within contaminated site assessment in Australia. Discuss the importance 
of this, using organic and metal pollutants as examples, and considering processes in soil that impact 
contaminant bioavailability. You may use illustrations if relevant. 


Or 
The Armidale Sustainability Group plans to convert a site used as an old timber treatment facility into 


market gardens for a community vegetable garden and children’s playground. They have hired you as 
a consultant to advise them on this development. What issues do you think need to be considered and 
outline the process you would follow and information you would need to assess risk. Document ONE 
appropriate management or remedial strategy that could be implemented to ensure the site is suitable 
for intended use, giving reasons for your choice. 


Question 14 (15 marks) 


Either 

Following a spill at the UNE machine workshop, two DNAPLs, a degreasing solvent and also a heavy 
engine oil, have contaminated the soil environment. Physico-chemical properties for these pollutants 
are listed below. Discuss the relative importance of the contaminant fate processes in soil in 
determining risks for the environment and for workers at the site. Explain what a DNAPL is, and 
name a possible chemical compound that may be present as each DNAPL on the site here. 


Log Kow | Log Koc Solubility Half-life | Vapour pressure 
(mg L”) at 25°C 
(Pa) 
Degreasing solvent 2.53 1.91 1100 0.5-ly 9900 
Heavy engine oil 6.04 6.24 0.011 1-8.2y 0.0006 


Question 14 continues on the next page 
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Or 


It has recently been reported that an underground gasoline storage tank has been leaking at a fuel 
station in Guyra. The contaminated soil will be remediated using an on-site bioremediation strategy. 
Explain why this remediation would have been chosen and the pollutants targeted. Use a conceptual 
diagram to illustrate the typical treatment process and support this with a discussion of all the 
treatment parameters and issues that have to be understood and managed for effective and economic 


treatment. 


THE END 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 


